I N 2009, older medical patients (aged 65 years and older) accounted for 53% of all hospital admissions and 66% of all in-patient days in Danish medical wards (1) . The older medical patient was hospitalized for 6.3 days on average (2) , which is costly and may lead to a decline in an already low preadmission level of functional performance, due to inactivity during hospitalization (3) (4) (5) .
Restricted activity and bed rest in healthy older adults have been found to be associated with reduced muscle mass and strength, functional decline, and new disability in activities of daily living (6) (7) (8) (9) (10) (11) . Moreover, functional decline is common during hospitalization in older adults (3) (4) (5) 12) . This may be caused by inactivity, because the in-hospital frequency of ambulation is low, regardless whether the patients are able to walk independently or not (13, 14) . Moreover, complete bed-rest episodes are common in hospitalized older adults (3, (13) (14) (15) . Low mobility during hospitalization is associated with new institutionalization, death (3) , and declining function in activities of daily living at discharge and at 1-month follow-up (3, 5) , which induces a risk of staying dependent in activities of daily living (16) . Furthermore, the odds of functional decline are higher for low in-hospital mobility compared with high in-hospital mobility (5) . Hence, physical inactivity during hospitalization in older medical patients could potentially reduce their level of functional performance.
Previous studies have assessed mobility levels of medical patients during hospitalization by accelerometry (17) , step counts (14) , nurse reports (3), direct observation (13) , and interviews (5) . Similarly, functional level before, during, and after hospitalization has been assessed subjectively by self-report or care-giver observations (3, 4, 12, 17) . To our knowledge, no previous study has combined assessment of 24-hour mobility level by accelerometry and objective daily assessments of basic mobility during hospitalization in acutely hospitalized older medical patients. Basic mobility refers to the ability to get in and out of bed, stand up from a chair, and walk and may well be a core measure of both functional ability and risk of hospital-associated disability (18, 19) .
The primary aim of the study was to quantify 24-hour mobility during hospitalization in a group of acutely admitted older medical patients, who were able to walk independently preadmission and to assess their daily level of basic mobility. The secondary aim of the study was to develop and validate an algorithm to quantify in-hospital mobility using accelerometers.
Methods

Study Design
The study was a prospective cohort study, conducted from December 2010 to June 2011 at Copenhagen University Hospital, Hvidovre, Denmark. During hospitalization, 24-hour mobility was measured in all patients who were able to walk without personal assistance on admission and compared with a group of patients who were not able to walk on admission. All patients gave written informed consent before taking part in the study, and the local ethics committee approved the study (06072010-1631).
Participants
Older medical patients (aged 65 years and older) who were acutely admitted from their own home to the medical services of the hospital, via the acute medical admission ward, who were able to walk on admission, and who had at least one comorbidity, were included consecutively on weekdays. A maximum of two patients were included on a daily basis, due to time-wise and accelerometer limitations. If more than two patients met the abovementioned inclusion criteria, the patients to be included were randomly selected. The exclusion criteria were as follows: not able to cooperate in the measurements, not able to give informed consent to participate, isolation-room stay, chronic obstructive pulmonary disease (COPD) patients participating in a COPD rehabilitation program, terminal illness, inability to walk with or without a walking aid, and unable to speak Danish. Additionally, patients with an expected hospitalization of 2 days or less, or transferred to the intensive care unit, were excluded. Six older medical patients not able to walk on admission were included as an immobility reference. The inclusion and exclusion criteria for these patients were the same, except for the inability to walk independently on admission.
Procedures
Descriptive data.-Medical records were extracted for demographic data, length of hospital stay, comorbidity, admission diagnosis, discharge destination, and readmissions. The patients underwent a structured baseline interview during the initial 48 hours of the hospital stay, to collect information about use of walking aid, and the self-reported New Mobility Score (NMS). The interview and the collection of data throughout the study were conducted by the first and second author. NMS was used to assess functional independency (20) in retrospect 2 weeks before admission and in retrospect over the day of admission, respectively. The NMS assesses the ability to perform indoor walking, outdoor walking, and shopping and provides a score between 0 and 3 (0 = unable, 1 = with personal assistance, 2 = with an aid, and 3 = with no difficulty and no aid) for each function, resulting in a total score from 0 (no walking ability at all) to 9 (fully independent; 20). A NMS of 0-5 was used to reflect poor functional independency and a score of 6-9 to reflect good functional independency (21) . The Charlson Index was used as a measure of comorbid conditions on admission (22) . The Katz Index of Activities of Daily Living (KATZ) was used to assess the ability to perform activities of daily living on admission (23) . The Mini-Mental State Examination (MMSE) was used to assess cognitive function on admission (24) . The MMSE consists of 13 items with a total score of 0-30. Patients who scored less than 24 were considered cognitively impaired (24) . On admission, the patients were asked if they felt pain and localization of the pain. Pain was scored on a 5-point Verbal Ranking scale, where 0 = no pain, 1 = light pain, 2 = moderate pain, 3 = severe pain, and 4 = intolerable pain (25) .
Mobility data
Accelerometers.-The mobility level during hospitalization was assessed by accelerometers, 24 hours a day, from within 48 hours of admission to discharge. For long admissions (>10 days), recordings were stopped after 10 days. Two wireless monitors (Augmentative Inc. Pittsburgh, PA) were attached 15 cm above the patella (Xthigh) and 15 cm above the ankle joint (Xankle), respectively, anteriorly on the patient's right leg. The monitors can store data for 48 hours. Every day or every second day, the patients had the monitors replaced and their skin examined for irritation. In the data analysis, we considered a day to be from 12 am until 12 am, to avoid half-day measurements, as the accelerometers were normally attached in the morning. When studying the distributions of sitting, lying, and standing and/or walking during a day, only patient-days with more than 18 hours of measuring were included, to avoid skewed days in the analysis. The monitors measure horizontal position (X), vertical position (Y), and depth (Z) with respect to gravity and were programmed to sample every second. The acceleration output for each axis due to gravity was (for the x-axis): Ax = (VOUTX − VOFF)/S, where VOUTX is the voltage output for the x-axis, VOFF is the offset voltage, and S the sensitivity of the accelerometer. S for the accelerometers used was 16.176 mg (26) . The position of the accelerometer was calculated based on measurements from two axes by Angle = tan − 1(AX/AZ). Using these angles, we developed the following algorithm identification of lying, sitting, and standing and/or walking based on pilot data.
If 225 < X thigh ≤ 315, the patient was categorized as standing; if 170 < X thigh ≤ 210 or X thigh ≤ 10 or X thigh >330 and 210 < X ankle ≤ 330 and if 210 < X thigh ≤ 225 or 315 < X thigh ≤ 330, the patient was categorized as sitting; and if 170 < X thigh ≤ 210 or X thigh ≤ 10 or X thigh > 330 and X ankle ≤ 210 or X ankle > 330 and if 0 < X thigh ≤ 170, the patient was categorized as lying.
To cross-validate this algorithm, we tested the accelerometers in six older medical patients, who were not included in the study. The patients wore the accelerometers under supervision, and following a schedule with predefined behaviors (henceforth, real positions). The real positions included lying in bed, transfers, sitting, standing, and walking. The positions were maintained for 1 minute, except for the walking position, which was maintained for 3 minutes. The comparison between real positions and the algorithm is presented in Table 1 . The levels of correspondence for lying, sitting, and standing and/or walking were 90.8%-100%, 95.3%-98.6%, and 89.6%-96.5%, respectively. The cutoff values for lying, sitting, and standing and/or walking corresponded well with the real positions performed.
Cumulated Ambulation Score (CAS)
The Cumulated Ambulation Score (CAS) (27) was obtained within 48 hours of admission and repeated daily throughout hospitalization. It was used as an objective measure of basic mobility. It quantifies the patients' independency in three basic activities (getting in and out of bed, sit to stand from a chair, and walking). Each activity is scored on a 3-point ordinal scale from 0 to 2 (0 = unable, 1 = with guidance/ support, and 2 = independently), resulting in a total CAS score between 0 and 6. The CAS has been found to have high intertester reliability and to be a valid predictor of length of hospitalization, time-to-discharge status, 30-day mortality, and postoperative medical complications in older patients with hip fracture (27, 28) .
Statistical Analysis
Descriptive data are given in medians with interquartile ranges (IQRs) or percentages, depending on variable type. Comparisons between the two groups of patients were analyzed with the χ 2 test for categorical variables, and the Kruskal-Wallis test for continuous variables. The NMS before admission and on admission was compared with a Wilcoxon test. Hours per day spent lying, sitting, and standing and/or walking are presented as medians with IQRs and as 5th and 95th percentiles. A linear regression was used to compare hours spent lying, sitting, and standing and/ or walking between days with an independent CAS score (CAS = 6), and a dependent CAS score (0-5). This analysis was also adjusted for patients' individual levels of mobility. Secondary exploratory associations of time spent lying, sitting, and standing and/or walking with potential explanatory variables were analyzed with the Kruskal-Wallis test. All statistical tests were performed using the SAS version 9.2; p values ≤ .05 were considered statistically significant.
Results
Sixty-eight older medical patients met the inclusion criteria. Of those, 49 agreed to wear accelerometers during their hospital stay. Forty-three patients were able to walk independently (henceforth, ambulatory patients), and six patients were unable to walk independently (henceforth, nonambulatory patients). One patient was excluded due to lack of accelerometer data, one had a 3-day pause wearing accelerometers due to an episode of acute psychosis, and two wanted the accelerometers removed after 3 and 4 days, respectively. Data from the latter three patients were included in the analysis.
Descriptive Data
The ambulatory patients had a nonsignificant tendency of being hospitalized for fewer days than the nonambulatory patients (7 vs 16, p = .13; Table 2 ). The ambulatory patients had significantly higher NMS (5 vs 0, p < .001), KATZ score (6 vs 1, p < .001), and CAS score on admission (6 vs 1.5, p < .001), compared with the nonambulatory patients. The average CAS score during hospitalization was 5.5 for the ambulatory patients and 1.6 for the nonambulatory patients. The ambulatory patients had a significantly higher NMS 2 weeks before hospital admission compared with the day of admission (6 vs 5, p = .001).
Mobility Data
The cumulated in-hospital time was 352 days. The patients wore the accelerometers 57% of the time, with a minimum of 11% and a maximum of 99%; the patients wore the accelerometers 4.4 days on average. The ambulatory patients were lying in bed less hours per day than the nonambulatory patients, Figure 1A) .
In the ambulatory patients, the CAS was scored for a total of 121 days; 33 days with a score between 0 and 5, corresponding to some level of dependency, and 88 days with score of 6, corresponding to being independent in basic mobility. On days with a CAS score of 6, the patients were lying 4.1 hours less compared with days with a CAS score of 0-5 (15.4 vs 19.5 hours; p < .0001), they were sitting 2.4 hours more (6.0 vs 3.6 hours; p = .0004) and standing and/or walking 0.9 hours more (1.6 vs 0.7 hours; p < .0001; Figure 1B ).
When adjusting for patients and examining individual changes, the differences in time spent lying, sitting, and standing and/or walking were smaller between days with a CAS score of 6 and days with a CAS score of 0-5. On days with a CAS score of 6, a patient would tend to spend 1.5 hours less lying (p = .09) and spend 0.5 hours more sitting (p = .05) compared with the same patient on a day with a score of 0-5. Table 3 shows the association of mobility level with explanatory variables in ambulatory patients. The in-hospital mobility level was independent of preadmission and admission NMS. Patients with a preadmission NMS of 0-5 did not differ in in-hospital mobility level, compared with patients with a score of 6-9 (p = .48) nor did patients with an admission NMS score of 0-5 differ in in-hospital mobility level compared with patients with a score of 6-9 (p = .30). The mobility level was independent of comorbidities and pain. Patients with a MMSE score of more than 24 were standing and/or walking significantly more hours during a day than patients scoring less than 24 (p = .02).
Discussion
This study showed that acutely admitted older medical patients, who were able to walk on admission, on average spent 17 h/d of their hospital stay in bed, 5.1 h/d sitting, and 1.1 h/d standing and/or walking. Two accelerometers used simultaneously were found valid in discriminating between lying, sitting, and standing and/or walking in older medical patients and in discriminating between in-hospital activity and in-hospital inactivity. The mentioned levels of in-hospital mobility correspond with levels seen in previous studies. Brown and colleagues (15) investigated the in-hospital mobility in a group of older medical patients with an average hospital stay of 5.3 days and found the patients to be lying 73.7%, sitting 22.6%, and standing 3.7% of the time. Likewise, Callen and colleagues (13) monitored older medical patients for an average of 56.4 hours and found the patients to be lying 83.3%, sitting 12.9%, and standing or walking 3.8% of the time. In the present study, the time spent lying, sitting, and standing and/ or walking differed, depending on the overall level of basic mobility. Patients being independent in basic mobility spent less time lying and more time sitting and standing and/or walking, than patients who were dependent to some degree in basic mobility. This stresses the relevance of focusing on enabling patients to get out of bed and up from a chair in addition to walking independently. Indeed, Callen and colleagues (13) found that the frequency of hallway ambulation among older patients was equally low for patients who were able and not able to walk independently.
Factors other than dependency in basic mobility may cause patients to be inactive during hospitalization. One factor might be the presence of acute illness, which may affect physical performance. Also, patients presenting generalized inflammation may be weaker and less fatigue resistant-despite no difference in estimated muscle mass-than patients without inflammation (29) . Moreover, we found neither the patients' functional independency on admission (NMS) nor pain to correlate with the level of in-hospital mobility, suggesting that factors other than those regarding the physical function of a patient may influence a patient's mobility level during hospitalization. These factors may not only be structural barriers, but also be conflicting views on mobility and lack of mobility between health care professionals and patients (30) . The patients in the present study needed assistance to get out of bed more often than to rise from a chair or walk, calling for increased attention to this point from the ward personnel.
In the present study, the patients had a decline in functional independency from 2 weeks before admission to admission, measured by the NMS. Inactivity during hospitalization might deteriorate a declining functional level even further, as the odds of functional decline is higher for low in-hospital mobility compared with high in-hospital mobility (5) . Considering the effects of low mobility during hospitalization, it is of great importance to work on solutions for a physically active hospitalization and for preventing in-hospital functional decline. Focus should be on obtaining a general awareness about the importance of being physically active during hospitalization and on ensuring availability of walking aids, allowing staff and relatives to ambulate patients. In this study, the patients' functional independency on admission did not correlate with the in-hospital mobility level, suggesting that supervised activity or training might be possible for the patients to carry out and might be necessary.
Strengths and Limitations
The strengths of the study include using two accelerometers combined with a daily score of basic mobility. We found the accelerometers valid in assessing time spent lying, sitting, and standing and/or walking, and in discriminating between in-hospital activity and in-hospital inactivity. The two accelerometer approach has previously been used to quantify mobility in older individuals (15, 31) and has been found to provide valid data in hospitalized older patients using an algorithm based on a one-axis solution with measurements every 20 seconds (15). Our study adds to this validation, using an algorithm based on a two-axis solution with measurements every second. We included data until the 10th day to assure that data from each patient was equally weighted and to focus on a period corresponding to an average admission period. Moreover, 10 days were considered an adequate period of time to describe a patient's mobility habits, as 7 days has been shown to provide a good measure of usual physical activity in community-dwelling older people (32) .
Our study had some limitations. As in previous work using Augmentec accelerometers, we were unable to differentiate standing and walking (15) . However, to ensure accuracy of our cutoff limits between the different positions, we tested the cutoff values of our algorithm against real positions, performed by six older medical patients and found a good level of correspondence. We were not able to measure all patients throughout hospitalization. The reasons for lack of measurements were of a structural character, including postponement of a planned discharge after removal of accelerometers, removal of accelerometers by patients or staff, or patients going through examinations not allowing accelerometers to be worn. We measured patients as many days as logistically possible, and in the analysis of the data, we only included patient-days with more than 18 hours of measuring to assure both night and day measurements and to avoid skewed days in the analysis.
Conclusions
This study showed that older acutely hospitalized medical patients spent 17 h/d of their in-hospital time in bed. Accelerometers, used in measuring the level of in-hospital mobility, were found valid in assessing the time spent lying, sitting, and standing and/or walking in these patients.
The level of in-hospital mobility seemed to depend on the patients' level of basic mobility, that is, their ability to independently get in and out of bed, rise from a chair, and walk. 
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Notes: Mobility patterns compared with the New Mobility Score, the Mini-Mental State Examination, the Charlson Index of Comorbidities, and pain. Data are noted as median (IQR). *significant values at the 5% level.
